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The works of I. P. Pavlov [12], S. P. Shakh-Paronian [25], N. N. Anishkov and M. A. Zakhar 'evskaya [1,2] and 
especia l ly  the investigations of many years by V. D. Tsinzerling [22] and his coworkers demonstrated that in the 
e t io logy of pneumonia of great  impor tance  are disturbances in the ac t iv i ty  of the protect ive  mechanisms of the res- 
piratory organs which crea te  conditions for the infection of the lungs. At  the same t ime ,  changes in the state of the 
organism and of the pulmonary tissue de termine  to a certain extent  the possibil i ty of the deve lopment  of infectious 
processes in the lungs. Among pulmonary changes many authors [3,13,16,19,23,24,27,29] indicate  disturbances of c i r -  
culat ion and edema which, in their opinion, represent the leading factors in the pathogenesis of pneumonia.  However, 
the role of c irculatory disturbances in the lungs in the mechanism of development  of pneumonia remains obscure at 
present; yet,  the solution of this problem is of impor tance  not only in regard to pneumonia,  but in relat ion to the 
infectious process in general .  

We conducted special  exper imenta l  investigations a imed at the study of the deve lopment  and course of pneu- 
monia in circulatory disturbances in the lungs of white rats. 

M E T H O D  

We employed adrenalin to obtain pulmonary edema,  since many authors point to the fact  that its adminis t ra-  
t ion induces circulatory disturbances in the pulmonary tissue and its edema [5,17,18,30,32, etc,] ,  

Prel iminary investigations,  carried out on 65 white rats, showed that 0.1% of an adrenal in solution introduced 
in t raper i toneal ly  in the amount of 0.5 ml  per 100 gm of the an imal ' s  body-weight  causes a rapid death of almost  

a l l  animals.  At a reduced dosage (0.3 ml per 100 gin) the major i ty  of animals  survives. Under these conditions their 
lungs reveal  circulatory changes which attest  to the impai rment  of pe rmeab i l i ty  of the vascular wall:  hyperemia  
bleeding,  perivascular  and somet imes an a lveolary  edema.  

Basic experiments were carried out according m the following method:  White rats, sl ightly stunned with ether,  
were given intrasal ly 10 drops of an 18-hour broth culture of the type I I I  pneumococcus in 1:2 dilut ion (75,000,000 
microbia l  bodies) according to the method employed by V. N. Fadeeva and V. Ya. Fe l '  [20] with the same pneumo-  
coccus strain. After the animals  had comple t e ly  recovered from the dazed state (within 10-15 minutes) they were 
in jected in t raper i toneal ly  with a 0.1% solution of  adrenal in  as per ca lcula t ion  of 0.3 mI per 100 gm of  body weight.  As 
control  served white rats of the same weight which received no adrenal in after having been infected.  A tota l  of 
60 rats were used in the exper iment .  Within 11]~,4,24,48,96, and 120 hours after infection the animals were ki l led.  
Pulmonary tissue was obtained for his tological  examinat ion;  the ee l lo id in-paraf f in  slides from the pulmonary t is-  
sue were stained by the Nicoll  method for the e l ic i ta t ion  of the microorganisms. In addit ion,  we used staining with 
hemamxyl in -eos in  and azan as per Heidenhein.  For the e l ic i ta t ion  of  the topographic relationships we used a mic ro -  
projector  and a comparison microscope.  

R E S U L T S  
The results of our experiments  showed that  the pneumonia rate in both groups of animals is iden t ica l  (Tab le  1). 

However, the onset of the pneumonic process in the exper imenta l  animals  would start la ter ,  the inf lammat ion  loci  at 

899 



all periods, especially during the first 48 hours, were considerably less pronounced than in the control rats, and the 
nature of  inflammatory changes and their dynamics corresponded to the data obtained by V. N. Fadeyeva and V. Ya. 
Fel'  [20]. 

Upon bacterioscopic examination of the lungs, attention was drawn to the fact  that in the inflammatory foei of 
the experimental animals during the first 48 hours the number of free microorganisms was considerabiy lower than in 
the control rats. To obtain more precise data, we staged bacteriological tests on 10 rats, five of which received ad- 
renalin. Within 30 minutes following adrenalin injection (40 minutes after infection) all animals were killed. The 
material from the lungs was inoculated on Petri dishes with 50 blood agar. After a 24-hour exposure of the dishes in 
a thermostat, the grown colonies were counted. In addition, another analogous experiment was carried out on 10 ani- 
mals where the animals were killed within six hours after infection. The results are shown in Table 2. 

TABLE 1. The Dynamics of Pneumonia Development in Experimental and Con- 
trol Animals 

Number o f  
animals 

12 

Total 

Time,  
hours 

11/2 -4 
24 
48 
96 

120 

Number of animals afflicted with pneumonia 

Upon macroscopic exam. Upon microscopic exam. 

Experiment Control Control 

14 

2 
5 
5 
2 

14 

Experiment 

1 
4 
6 
5 
5 

21 21 

As seen in Table 2, after infection there was observed a reduction of the number of viable microorganisms in 
the lungs of both animal groups. It i.s clearly seen, however, that this reduction was much more considerable in ani-  
mals which had been given adrenalin, from the lungs of which nearly 3-fold less microorganisms were isolated than 
from the lungs of control rats. A similar ratio was preserved also during the latter stages (within six hours). However, 
the rate of microbial growth in the experimental and control groups was approximately the same. 

TABLE 2. General Data on the (Nantity of Viable Microorgan- 
isms in the Lungs of Experimental and Control White Rats 

TThe quantity. 
Number of Infecting dose Time after [ of viable mi -  
the experiment (in millions of infection ] crobial cells 

microbial  bodies) | in the lungs 
| (in millions) 

Control 

1 154 30 Min. I 2,8 I 8,2 
2 154 6 Hr. 119,6 [ 66,9 

In the light of the cited data, the retardation of  development of the infectious process in the lungs of experi- 
mental  animals becomes understandable. Apparently, in order to develop a pneumonic process similar to the one in 
control animals, more time was needed for the proliferating bacilli to reach a sufficient degree of  growth. 

Thus the obtained data clearly demonstrated that the injection of adrenalin which impaired pulmonary circu- 
lation did not contribute, but actually inhibited the development of the pneumonic process. These data are not con-  
tradicted by the fact that within 120 hours in four out of the six control animals no pneumonic development was ob- 
served. In the experiments of V. N. Fadeeva and V. Ya. Fel '  [20], conducted similarly to our experiments, also not 
every animal contracted pneumonia. Apparently, toward the 6th day some control animals survived and no pneu- 
monia developed or was mildly expressed, whereas animals with a marked inflammatory process in the lungs perished 
as early as within 96 hours (five out of six). On the other hand, in the experimental rats toward the 6th day pneu- 
monia was only reaching its full development. 
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It is more difficult to explain the reason why an adrenalin injection leads to a reduction of the number of in- 
troduced microorganisms to a much greater extent than under ordinary conditions. 

A t present we can only express a tentative opinion. 

Although adrenalin represents a sympathicotropic substance, many authors [4,7,8,31. et al. ] report that upon its 
introduction a transitory excitation of the nn. vagi centers is observed, through which the basic correcting influence 
of the central nervous system is affected on the activity of the protective mechanisms of the respiratory organs [11, 
12,27,28,33]. The rise in the tonus of nn. vagi has a particular effect on the functions of the ciliary epithelium where 
the ciliary movements show a marked increase [9,10,15,26]. In comparing these data with our results, it is possible 
to assume that some of the introduced microorganisms could have been eliminated rapidly from the organs of respira- 
t.ion thanks to the enhanced functioning of the protective mechanisms of the tracheobronchial tree. 

On the other hand, the reduction of the number of microorganisms in the lungs of experimental animals could 
also depend on their more rapid destruction by the cellular elements (macrophages and leucocytes) the pbagocytary 
activity of which increases considerably under the effect of adrenalin, as our experiments have demonstrated as well 
as special investigations of other authors [6,14,21, et al.]. 

The adrenalin effect on the centers of nn. vagi and its stimulation of phagocytosis are very transitory, which ap- 
parently explains the fact that these influences are manifested only at the start. This has been confirmed to a certain 
extent by our observations where the growth rate of the microorganism in the experiments and control proved to be 
indentical. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal, Some or all of  th is  peri- 

odical  l i terature may  well  be avai lable  in Engl i sh  translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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